Summary
Introduction
As with the transverse phase space ellipse, matched acceptance longitudinal phase space ellipses are defined by Twiss parameters at each point in a microtron characterized by an energy gain per turn and a synchronous angle. The energy width of the ellipse is proportional to the square root of energy gain per turn. Since the energy gain of 50 MeV by twro linacs in the Double Sided Microtron (DSM) is eight times that of the Race Track Microtron (RTM), the energy width of the ellipse for the DSM is approximately three times greater than that of the RTM at the center of linac.
The beam is extracted at the return path of the RTM at 185 MeV, passes through the longitudinal and the transverse matching section, and is injected into the short straight section (SSS) of the DSM. Due to its symmetry, both acceptance ellipses are erect at the extraction point and at the injection point. But, they differ in phase-angle-width and energy-width for the same phase area.
The phase slip in the matching cavity and the longitudinal phase shear due to the velocity spread of the longitudinal ellipse at the matching section are negligible for the relativistic electron beam. Also the transverse matching quadrupole magnets are orthogonal to the longitudinal phase space. Hence, the longitudinal phase ellipse is matched to a first order only by dipoles for the phase angle shear and by a matching cavity for the energy shear.
It is generally considered that a sector dipole shears toward the positive phase direction for a positive energy error. If a matching system consists of only the positive phase angle shear element and an energy shear element, a strong energy shear toward the negative direction for a positive phase error is required. Thus, the longitudinal phase ellipse can be matched by a following positive phase angle shear.
A disadvantage of this method is that the strong energy shear coupled with the phase angle jitter of the matching cavity induces a large energy smear from pulse to pulse. However, with a negative phase angle shear system and a pre-positive phase angle shear in the beam upstream, only a weak matching cavity is required. So the phase ellipse can be better matched. 4) The relation L ln" 1/k implies that the larger shear by the two 1800 dipoles, the smaller the matching cavity strength. 
